Watermelon Citrullus lunatus (Thunberg, Matsumura & Nakai) is an ecosystem having a variety of arthropods, each one playing a specific role. Although some of them are considered pest to crops, some others are responsible for soil aeration, nutrient release and predation of pest species and are, therefore, considered beneficial to crops. The intensive farming practiced for watermelon cultivation in Brazil is based on the use of tiamethoxam and deltamethrin, which may not only kill target but also nontarget organisms such as beneficial arthropods. Research data regarding the influence of insecticides on arthropods in watermelon cropping is scarce. This study aimed to evaluate the effect of the insecticides deltamethrin and thiamethoxam on soil surface and watermelon canopy arthropod community. The study was carried out in the State of Tocantins, Brazil. Although the application of thiamethoxam and deltamethrin was efficient in controlling populations of Aphis gossypii (Glover), as we expected, they negatively affected non-target arthropods such as detritivores insects in the canopy and soil surface. Ecological implications of the impact of such pesticides on beneficial arthropod species are discussed. Key words: Citrullus lanatus, neonicotinoids, pyrethroids, non-target arthropods
Introduction
Watermelon, Citrullus lunatus (Thunberg, Matsumura & Nakai) , is an important crop in the Midwest and North regions of Brazil. Specifically, approximately 5,000 ha are grown in the State of Tocantins (SANTOS et al., 2011b) . Several key pests, such as Diaphania nitidalis (Cramer), Diaphania hyalinata L., Aphis gossypii (Glover), Frankliniella sp., Thrips sp. and Bemisia tabaci (Gennadius) are responsible for yield loss and represent a threat to watermelon production (MOREIRA, 2002; BACCI et al., 2007; RUSSO et al., 1997; SOUZA et al., 2011) .
Because of high vulnerability of watermelon plants, the intensive farming practiced has been based on the use of the broad spectrum synthetic insecticides. Deltamethrin and thiamethoxam are the most common insecticides in watermelon production in Tocantins (personal observation). The first is used mainly for D. nitidalis and D. hyalinata control and the second for control of A. gossypii and B. tabaci (AGROFIT, 2012) . Deltamethrin is a synthetic pyrethroid, which is highly toxic to a wide range of organisms. It is obtained from pyrethrins and its action on insects is based on an acute toxicity causing immediate paralysis and consequently death (FERNANDES, 2000; SILVA et al., 2006) . The impact of deltamethrin on arthropods in some crops have been accessed. For instance, Badji et al. (2004) found that on maize fields under no-tillage cultivation, the system was able to buffer the impact of the insecticide on the arthropod assemblage, minimizing its effect, but this did not occur in the conventional cultivation system where deltamethrin significantly decreased arthropod abundance, including predatory species.
The insecticide thiamethoxam is a neonicotinoid insecticide that is rapidly absorbed by plant roots and sucking insects as well as CASIDA, 2005) . Its high activity is brought about by binding to nicotinergic acetylcholine receptors in the nervous system of insects, which interferes with chemical signal transmission (ABBINK, 1991; TOMIZAWA et al., 1995a TOMIZAWA et al., , 1995b MATSUDA et al., 2001) . The effect of thiamethoxam on arthropod assemblage in field conditions has not been studied. For other neonicotinoids there are field studies that show positive and negative effects on some arthropod taxa abundance (MARQUINI et al., 2002; PECK, 2009 ).
Thus, the insecticides used for pest control on watermelon crop may not only kill the target organisms but also non-target beneficial organisms (ARMENTA et al., 2003; JAMES, 2003, TORRES; RUBERSON, 2004; KOSS et al., 2005; ROCHA et al., 2006) . Although the insecticides mentioned above are officially registered to be used against pests in watermelon cropping in Brazil (AGROFIT, 2012) , their effects on non-target organisms present on this cropping systems, such as beneficial arthropods have not yet been investigated.
Although some arthropods are considered pest to crops, others are responsible for soil aeration and nutrient release and, therefore, are considered beneficial to crops. Additionally, the population of soil arthropods may have a positive correlation with soil properties. For example, insects of the family Staphylinidae have positive correlation with the availability of K and P in the soil (DANXIAO et al., 1999) .
The diversity of beneficial arthropods associated with watermelon crop may be affected by the applied agricultural practices based on broad range insecticide applications. Even though, there are no studies on the impact of such insecticides on them. This impairs producers to achieve the proper management of pests or makes it ineffective. Studies on impact of pesticides on arthropod community become, therefore, fundamental to the improvement of alternatives to ensure crop productivity. This study evaluated the impact of the insecticides thiamethoxam and deltamethrin on the arthropods associated with canopy and ground surface of watermelon cropping.
Material and Methods

Experimental area
Experiment was carried out from August to November 2009, at the Experimental Area of the Federal University of Tocantins (11º45'47"S, 49º02'57"W), Gurupi-TO, Brazil. The soil type of the area is "Typic Hapludox" (EMBRAPA, 1999 ). An analysis of soil was done, tillage operations were carried out (SANTOS et al., 2011a) , and cultural practices were followed (FILGUEIRA, 2000; SANTOS et al., 2011a) .
Arthropod sampling
The experiment was conducted in an area consisting of 3,600m
2 that was divided in three sub-areas of 1,200 m 2 . Each sub-area received one treatment; for sampling, each sub-area was divided into 20 points and they were sampling over time. Due to logistic reasons and field size limitations we did not repeat the experiment. Instead, care was taken to use large plots that would not limit arthropod movements (BOMMARCO, 2003) . The following treatments were applied: Subarea 1 -No pesticide application; Sub-area 2 -Four applications of thiamethoxam (Actara 250 WG, Syngenta Proteção de Cultivos LTDA) at a dosage of 60g/100L water; and Sub-area 3 -Four applications of deltamethrin (Decis 25 EC, Bayer S/A) at a dosage of 100mL/100L. The applications were, monthly, carried out by spraying using a spray volume of 200L/ha. Plants were sprayed with a costal sprayer Jacto ® PJH model with a capacity of 20 L. The control of naturally occurring plants on the three areas was done through weeding (FILGUEIRA, 2000; SANTOS et al., 2011b) .
Arthropods were sampled by scoring 20 points to 144 m 2 (12 x 12 m), which corresponded to the surface area of each plot. Each point was separated from the other by a border of 2 m wide. One week after seed germination the arthropod populations sampling started and were weekly assessed throughout the crop cycle. To evaluate the number of arthropods found in the canopy of watermelon plants it was used a direct counting technique (LEITE et al., 2002) , where all leaves of each plot were examined, without foliage disturbance, and the arthropods were counted and registered.
Arthropods from the soil surface were sampled using pitfall traps (LUFF, 1975) , installed in 10 out of the 20 plots of each treatment in the same areas mentioned above. Samples collected in the field were kept in plastic pots containing 70% alcohol. In laboratory, they were transferred to Petri dishes and the number of arthropods was counted using a stereoscopic microscope with a 12x increase fixed. Samples were collected from the pitfall traps at 60, 70 and 80 days after planting. Subsequently, the collected arthropods were identified at family level and, the most occurring morphospecies were identified by a taxonomist at genus and species level.
Statistical analysis
The mean and the standard error of number of taxa per treatment as well as the total frequency of arthropods were calculated. The normality and homogeneity of variances were analyzed using the univariate procedure (SAS INSTITUTE, 2001) . Abundance data were transformed by log 10 (x + 2) and arthropods were excluded when the occurrence frequency was below 15%, due to their low importance for the crop. The data were submitted to a selection process that determines which taxa can better explain the observed variance (PROC STEPWISE STEPDISC with selection, SAS INSTITUTE, 2001 ). Those were selected from the previously analyze and were submitted to a canonical variate analysis (CVA). This analysis is a widely used method for analyzing group structure in multivariate data (KRZANOWSKI; RADLEY, 1989) . It reduces the dimensionality of the original data set of variables and can be used to graphically illustrate the relative positions and orientations of the mean assemblage responses to the treatments under comparison (KEDWARDS et al., 1999 cited by BADJI et al., 2004 . The significant difference (indicated by ordination) among groups due to treatment was determined by comparing the treatments using the F test (p < 0.05). The Mahalanobis distance between the respective classes of canonical means was used. Analyses were performed using the procedure CANDISC statistical package SAS (SAS INSTITUTE, 2001 ).
The arthropods that had the highest canonical coefficients were selected and subjected to multivariate analysis due to repeated measurements. Subsequently, graphics were made using the means and standard errors of abundance of arthropods over time. Since the sampling of arthropods was conducted in the same location several times, the analysis of variance due to repeated measures was done to avoid pseudo-replication in time (GREEN, 1993; PAINE, 1996) .
Results
Arthropods associated with canopy of watermelon plants
Among the collected taxa, seven with frequency superior than 15% were selected as a group that allowed to better explain the observed variation in the treatments (Table 1 and 2): A. gossypii (Hemiptera: Aphididae), Chrysomelidae (Coleoptera), Staphylinidae (Coleoptera), Frankliniella schultzei (Trybom) (Thysanoptera: Thripidae), Pentatomidae (Hemiptera), Pyralidae (Lepidoptera) and Cycloneda sanguinea (Coleoptera: Coccinellidae).
The ordination diagram derived from the CVA showed significant difference among treatments ( Figure 1A ). The diagram was constructed with the first two canonical axes, which together explain 77% of the observed differences. All treatments differed by the F test based on Mahalanobis distance between classes of means. Thus, it was observed a significant effect of insecticides, especially the impact of the insecticide thiamethoxam on the canopy arthropod community of watermelon plants (Figure 1 and 2) . The taxa found on the canopy of watermelon cropping that positively contributed to the divergence in the first canonical axis were A. gossypii, Chrysomelidae (Coleoptera), Staphylinidae, C. sanguinea and Pentatomidae, whereas F. schultzei and Pyralidae (Lepidoptera) negatively contributed to this divergence (Table 3 ).
In the second canonical axis, A. gossypii, Chrysomelidae, C. sanguinea and Pyralidae positively contributed while Staphylinidae, F. schultzei and Pentatomidae negatively contributed to the difference between treatments in the explanation of all the data (Table 3 ). The taxa that most contributed to differences between treatments in the canopy according to the canonical coefficients were A. gossypii, Pyralidae, F. schultzei and Staphylinidae (Table 2 ). The repeated-measure analysis showed that the main taxa affected by insecticides applications on watermelon canopy were: F. schultzei (F = 5.48, p = 0.01), A. gossypii (F = 17.68, p = 0.01), Pyralidae (F = 13.21, p = 0.01) and Staphylinidae (F = 13.99, p = 0.01). Table 1 . Abundance (mean ± standard error), frequency (F) (%) and guild of arthropods associated with the canopy and the soil surface in watermelon crop treated with insecticides (Gurupi, TO, 2009 
Arthropods on the soil surface
Nineteen taxa presented occurrence-frequency higher than 15% (Table 1) . Among them, eight were selected as a group of arthropods that allowed to better explain the observed variation in the treatment, and were used to the subsequent analysis: Acrididae (Orthoptera), Araneae, Formicidae (Hymenoptera), Gryllidae (Orthoptera), Isotomidae (Collembola), Lagriidae (Coleoptera), Nitidulidae (Coleoptera), Reduviidae (Hemiptera) ( Table 2 ). The ordination diagram obtained from canonical variables showed a distinction among treatments ( Figure 1B ). Based on Mahalanobis distance between means of classes, all treatments where insecticides were applied significantly differed by F test (p <0.05).
The following taxa positively contributed to the divergence in the first canonical axis: Nitidulidae, Reduviidae, Formicidae and Aranea. Lagriidae, Isotomidae, Gryllidae, Acrididae and Lepidoptera (larvae)
Source: Elaboration of the authors
Arthropods on the soil surface
Nineteen taxa presented occurrence-frequency higher than 15% (Table 1) . Among them, eight were selected as a group of arthropods that allowed to better explain the observed variation in the treatment, and were used to the subsequent analysis: Acrididae (Orthoptera), Araneae, Formicidae (Hymenoptera), Gryllidae (Orthoptera), Isotomidae (Collembola), Lagriidae (Coleoptera), Nitidulidae (Coleoptera), Reduviidae (Hemiptera) ( Table 2 ). The ordination diagram obtained from canonical variables showed a distinction among treatments ( Figure 1B) . Based on Mahalanobis distance between means of classes, all treatments where insecticides were applied significantly differed by F test (p <0.05).
The following taxa positively contributed to the divergence in the first canonical axis: Nitidulidae, Reduviidae, Formicidae and Aranea. Lagriidae, Isotomidae, Gryllidae, Acrididae and Lepidoptera (larvae) contributed negatively on this axis divergence. In the second canonical axis Nitidulidae, Isotomidae, Aranea, Lepidoptera (larvae) and Lagriidae positively contributed. Reduviidae, Formicidae, Gryllidae and Acrididae negatively contributed to the difference between treatments in the explanation of all data (Table 3) .
The insecticides negatively affected the following taxa on soil surface: Nitidulidae (F = 9.18, P = 0.01), Acrididae (F = 2.60, P = 0.093), Formicidae (F = 14.04, P = 0.01), Gryllidae (F = 2.78, P = 0.08) and Araneae (F = 6.28, P = 0.01) (Figure 3) . (Gurupi -TO,2009 ). A= Nitidulidae; B= Noctuidae; C= Acrididae; D= Gryllidae; E= Formicidae e F= Araneae.
The insecticides negatively affected the following taxa on soil surface: Nitidulidae (F = 9.18, P = 0.01), Acrididae (F = 2.60, P = 0.093), Formicidae (F = 14.04, P = 0.01), Gryllidae (F = 2.78, P = 0.08) and Araneae (F = 6.28, P = 0.01) (Figure 3) . 
Discussion
The application of deltamethrin and thiamethoxam negatively affect the community of pests, natural enemies and detritivore arthropods on the canopy and on soil surface of watermelon plants. Although the effectiveness of deltamethrin and thiamethoxam in controlling A. gossypii, as we expected, a significant
The application of deltamethrin and thiamethoxam negatively affect the community of pests, natural enemies and detritivore arthropods on the canopy and on soil surface of watermelon plants. Although the effectiveness of deltamethrin and thiamethoxam in controlling A. gossypii, as we expected, a significant negative impact was observed on non-target organisms as those predators of the family Staphylinidae and Nitidulidae.
The use of insecticides disturbs the natural balance between guilds and some phytophagous species increase rapidly resulting in pest outbreaks. These outbreaks of pest, commonly observed in the studied region, may be induced by the reduction of predators due to insecticide applications (MARC; CANARD; YSNEL, 1999; HAWKES et al., 2005) . Thiamethoxam showed the highest negative effect on the Staphylinidae taxa, compared to deltamethrin. Insects from this family include important predator species associated with watermelon plantation (PFIFFNER; LUKA, 2000; CHIVERTON, 1986) , and have potential to reduce populations of agricultural pests (SUENAGA; HAMAMURA, 2001) . The maintenance of the steady state among these groups is important because functional biodiversity performs key ecological services and can bring sustainability to agroecosystem (ALTIERI, 1999).
Overall, the highest negative impact on soil surface arthropods was found when the insecticide deltamethrin was applied. The use of this insecticide was responsible for the exclusion of phytophagous, predators and detritivores arthropods. A negative impact on detritivore insects of the Nitidulidae family may affect structure and soil fertility (CROSSLEY; MUELLER; PERDUE, 1992). Ants, which were also negatively affected by insecticide applications, correspond to a group of insects that play an important role on the structure of arthropod communities acting as predators (TILLBERG; BREED, 2004) . Besides, soil arthropods can also impact plant performance, plant competition and plant community composition (WARDLE et al., 2004; WHITTAKER; FRANKLAND, 1993) . Such impacts, however, are due to a variety of mechanisms such as belowground herbivory (SCHÄDLER et al., 2004) and an acceleration of nutrient cycling via the action of arthropod detritivores (MASTERS, 2004; ENDLWEBER; SCHEU, 2007) . SCHÄDLER et al. (2004) concluded that insecticide-induced changes in plant community succession in a productive oldfield were partly due to the action of a phytophagous species damaging herb species.
The insecticides of high toxicity and broad spectrum of action, such as those evaluated in this work, are being recognized as the leading cause of imbalances in agroecosystems (SOARES et al., 1994; ZHOU et al., 2010; VASSILIOU et al., 2011) . Moreover, we showed that the use of such pesticides directly kills natural enemies such as those of the family Nitidulidae. In addition to direct mortality by pesticides, their sublethal effects on arthropod physiology and behavior must be considered for a complete analysis of their impact (DESNEUX; DECOURTYE; DELPUECH, 2007). As alternative to undesirable effects of broad spectrum synthetic pesticides, selective pesticides and natural pesticides have been both recommended as they are normally less harmful to natural enemies (ISMAN, 2006; DAYAN; CANTRELL; DUKE, 2009; LEMOS et al., 2011) . Besides this direct effect, the arthropod community may also have suffered an indirect effect which might have been caused by the decrease in food availability to other components of the watermelon food web. For example, a reduction in predator population may have resulted in a trophic cascade (CARPENTER; KILCHELL; HODGSON, 1985) . Studies on trophic cascades have shown that the use of cultural practices, such as insecticide application to decrease pest populations over time, can cause an imbalance in the arthropod community (ROBERTSON; KETTLE; SIMPSON, 1994) . We conclude that the insecticides thiamethoxam and deltamethrin negatively affect beneficial arthropod populations in watermelon crop.
